Sutmmiiary,. In excised embryos of Fraxinis ornuts, the first macroscopic sign of germination is a curvature near the root apex. Histological studies show that this curvature is due to cell elongation on the convex side and is accompanied by cell division. Metabolic changes, manifested by the disintegration of protein bodies and tissue different.at.on, also occur during this time. In emlbryos treated with phleomycin cell division is completely inhibited but elongation, root hair formation, disintegration of protein bodies, and differentiation are still detectable. Phleomycin also drasticallv inhibits the formation of chlorophylls and the fresh weight increase of embryos.
Phleomycin is an antibiotic mixture, isolated from Streptomyvces verticillus. It has been resolved chromatographically into a number of biologically active bands whose structures while not yet determ-ined may be copper-containing peptides (5) . In Escherichia coli and HeLa cells (12) phleomycin inhibits DNA synthesis and cell division at concentrations which cause only a minimal decrease in protein and RNA synthesis. Contrary to mitomycin C, another inhibitor of DNA synthesis, phleotmcin does not lead to depolymerization of DNA (11) . In vitro phleomycin inhibits DNA polymerase, apparently due to binding with primer at aden.ne-thymnine sites near the 3'-phosphate terminal (1) . Phleomycin also may in-hibit cell1 division independently of its interference with DNA synthesis. In syn-chronously growing HeLa cells phleomycin prevents cells from dividing even wvhen the antibiotic is added at a time when DNA synthesis is supposedly complete (7) . In lateral roots of Vicia faba 'phleomycin interferes more rapidly with cell division than with DNA synthesis (9).
As germination of Fraxinits ornus embryos involves both cell division and cell elongat:on it was of interest to study the histological changes that occur botli in the presence and absence of phleomycin. at the day of excision (13) . Chlorophyll content was determined spectrophotometrically by the procedure of Maclachlan and Zalick (8) .
Materials and Methods

Non
For histological study embryos were killed in formalini-acetic acid-alcohol. The total length of embryos in eachl treatment was measured to the nearest 0.5 nmin after wlhiclh they were dehydrated in a tertiary butanol series and embedded in Tissuemat. Following sectioning the embryos were stained in safranin-fast green, by the Feulgen technique for DNA (6) or by the mercuric bromphenol blue nwthod for total protein ( 10) .
For cell length measurements miedian sections of the enlbryo were marked at 6 relatively equidistant positions along the shoot-root axis (excluding the cotyledons). The lengths of 60 cortical cells were miieasured, 3 at a time, at each position. As embryo length and the markings on the embryos vary betwee and within treatments, the position markings were converted to percent of the total axis length included between the root tip and the mark. Average curves for a given treatmlent were calculated using all individuals in, the treatmiient (4 or 5 embryos) from the values obtained at each tenth percentile on the ordinate.
Phleomycin lot A9331-648 was provided by Bristol Laboratories, Syracutee N\ew\ York. sured afrom the tip of the cotyledons to the tip of the radicles, the enibryos excised from un-imbibed seeds range between 7.5 and 11.0 mm, wvith an average length of 9.5 mm. Embryos excised from imbibed seeds and placed into buffer for 1 day have an average length of 10.4 mm, but due to large variations in size this increase is not statistically significant. However, after 2 days in buffer the embrvos definitely elongate and many develop curvature.
Cell elongation starts between the first and second day after the embryos are placed in buffer (fig 1) .
It generally predominates on one side of the axis resulting in curvature (fig 2) .
While no mitotic figures are evident in 1-day embryos, they are found in /75 % of 2-day em-bryos. The mitotic figures are not uniformly distributed, but concentrate initially in the root apical meristem starting at the distal side of the curvature and extending to the root initialis. A few divisions also occur in the region of curvature and almost all of these are present on the convex side of the embryo. Shortly after the root apex becomes active niitotic figures also appear in the shoot apical mneristem.
In 2-day embryos primary xylem elements begin to differentiate and protein storage grains begin to disintegrate. Leaf primordia are first visible in 3-day emnbryos at which time root hairs also appear and the cotyledons begin to turn green.
These results indicate that normal germination and growth of excised embryos is accompanied by cel' division, elongation and differentiation, and that these events occur at such close intervals that it is extremely diifficult to determine their independent contributi.or to the germination process.
The Influence of Phleomycin on Germnination. Germination, fresh weight increase and chlorophyll synthesis of non-dormant enbryos are strongly inhibited by phleomycin (table I). While 9.5 ug/ml killed the enmbryos in a 10-day period, concentrations as low as 0.2 jtg/ml effectively interfered with the procesSes accompanying germination.
Histological examination of numerous emibryos treated with varying concentrations of phleomycin for varying time periods did not reveal the presence of a single mitotic figure. They were nu-merous, however, in all control seedlings 3-days-o'd and older.
While phleomycin at 2 JLg/ml inhilbits mitotic activity completely, it only inhibits cell elongation partially (table II, fig 1) . Root hair development also is not completely inhibited (table II) . Another indication of the incomplete inhibition of cell elongation is present in fi-gure 3 which shows cell lengths in the convex side of the region of curvature of control and treated enmbryos. The control embry-os were younger than the treated embryos as they underwent curvature sooner, but both groups were chosen so as to represent similar stages of morphological development. The phleomycin treated embryos have markedly longer ceill lengths than the controls as would be expected in a ments are probably lignified as they stain with the Schiiff reagent (6) and safranin.
Since there are few data on the selectivity of phleomycin effects in higher plants, 2 systems in addition to germinating ash emlbryos were examined. During the first 15 hours, excised axes from Phaseolus vi9igaris grow exclusively by cell elongation (15) and, therefore, phleomycin should not be inhibitory to this tissue. As expected these axes can tolerate relatively high levels of phleomycin without inhiibition and even with 10 ,ug/nm1 there was only about a 10 % inhibition in the fresh weight increase (incubation followed the method described by Walton (15)).
Embrvo-free barley half seeds will secrete newly synthesized a-amylase in response to gibberellins (14) . This hormonally-induced protein synthesis occurs in the absence of cell division and is inhibited by cycloheximide and actinomycin D. Phleomycin, therefore, should have no efffect on a-amylase produiction. This has been confirmed by adding 2, 10 and 20 jag/ml phleomycin to barley half seeds incubated with 0.3 ocI and 0.03~Lm GA3 (incubation followed the method described by Varner and Chandra (14) (4) .
In wheat and lettuce seeds cell division canl be .stopped with gaimma radiation and hieat treatment without preventing germination (2, 3) . Our results indicate that F. ornus also can germinate without undergoing cell division. Fraxinuais in contrast to wheat and lettuce is a genus that exhlibits true embryo dormancy. It would be of initerest to learn whether the breaking of dormlanicy b)y low-temperature afterripeninig also is independent of cell dliviRion processes.
